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(54) SPECTRALLY SENSITIZED SILVER HALIDE 
PHOTOSENSITIVE ELEMENTS 

(71) We, FUJI PHOTO FILM CO., LTD., a Japanese Company, of No. 210, 
Nakanuma, Minami/Ashigara-Shi, Kanagawa, Japan, do hereby declare the 
invention for which we pray that a patent may be granted to us, and the method by 
which it is to be performed, to be particularly described in and by the following 
statement: — . & 

This invention relates to a photosensitive silver halide composition containing 
at least 30 mole % of silver iodide and which is spectrally sensitized with an organic 
dye. 

It is well known that a gelatino-silver halide photographic emulsion 
containing silver iodide in an amount below 30 mole % for example, such 
emulsions containing silver iodobromide, silver iodochlorobromide or silver iodo- 
chlonde, can be spectrally sensitized by the use of sensitizing dyes, such as cyanine 
dyes, merocyanine dyes, rhodacyanine dyes, complex merocyanine dyes, styryl 
dyes and like methme dyes, in addition to organic dyes such as those described in 
Cyanine Dyes and Related Compounds" by F. M. Hamer, published by 
Interscience Publishing Co. (1964). F y 

It is also known that gelatino-silver halide photographic emulsions containing 
small amounts (<30 mole %) of silver iodide can be effectively sensitized by means 
of various chemical ripening treatments, including: sulphur sensitization with the 
use of sulphur-containing compounds such as aryl isothiocyanates, thiourea and 
sodium thiosulphate; reduction sensitization using reducing compounds such as 
hydrazine, stannous chloride and cystine; noble metal sensitization with the use of 
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Page 3, line 28, for zoles) read zole) 
Page 10, line 36, after or insert a 
Page 12, line 56, for zylenol read xylenol 
Page 13, line 4, for butyI-2- read butyl-5- 
Page 14, line 17, for resnious read resinous 
Page 18, line 1, after of (first occurrence) 
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Page 18, line 13, for patterned read pattern 
Page 21, Table 3 (continued), 2nd footnote, 

for 49 ml. read 40 ml. 
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(54) SPECTRALLY SENSITIZED SILVER HALIDE 
PHOTOSENSITIVE ELEMENTS 

(71) We FUJI PHOTO FILM CO., LTD., a Japanese Company, of No. 210, 
Nakanuma, Mmarni/Ashigara-Shi, Kanagawa, Japan, do hereby declare the 
invention for which we pray that a patent may be granted to us, and the method by 
which it is to be performed, to be particularly described in and by the following 
statement: — . . b 

This invention relates to a photosensitive silver halide composition containing 
dye 1 30 mplC 0// ° ° f SilVer iodide and whicn is spectrally sensitized with an organic 

It is well known that a gelatiho-silver halide photographic emulsion 
containing silver iodide in an amount below 30 mole % for example, such 
emulsions containing silver iodobromide, silver iodochlorobromide or silver iodo- 
chlonde, can be spectrally sensitized by the use of sensitizing dyes, such as cyanine 
dyes, merocyanine dyes,, rhodacyanine dyes, complex merocyanine dyes, styryl 
dyes and like methine dyes, in addition to organic dyes such as those described in 
Cyanine Dyes and Related Compounds" by F. M. Hamer, published by 
Interscience Publishing Co. (1964). 

It is also known that gelatin o-silver halide photographic emulsions containing 
small amounts (<30 mole %) of silver iodide can be effectively sensitized by means 
of various chemical ripening treatments, including: sulphur sensitization with the 
use of sulphur-containing compounds such as aryl isothiocyanates, thiourea and 
sodium thiosulphate; reduction sensitization using reducing compounds such as 
hydrazine, stannous chloride and cystine; noble metal sensitization with the use of 
noble metal salts such as sodium aurous thiocyanate, potassium platinous tetra- 
chloride, potassium indium tetrachloride; and heavy metal sensitization with the 
use of heavy metal salts such as lead nitrate, cadmium chloride, thallium nitrate, as 
described in ?'The Theory of the Photographic Process", 3rd edition, edited by C 
H. K. Mees & T. H. James, published by The Macmillan Co., N.Y., (1966). 
Sensitization is also effected by adding to a silver halide emulsion or developer 
liquid a compound such as lauryl pyridinium bromide, I-phenyI-3-pyrazolidone, 
hydrazine sulphate or a polyalkylene oxide. 

However, a silver iodide-containing photographic emulsion is known to have 
a somewhat inferior chemical ripening behaviour and to exhibit a relatively slow- 
developing rate, as reported, for instance, in the "Journal of Photographic 
Science , vol. 8, pages. 1 1&— 123, by E. A. Southerns; the "Journal of Physical 
Chemistry", vol. 33, pages 864—872 (1929); ibid, pages 1583—1592 (1929) by F. E 
E Ger ™* n a ™t R- K Shen i and "Photographic Science and Engineering", Vol. 5, 
pages 216—218, by T. H, James, W. Vanselow and R. F. Quirk (1961) which 
literature also discloses useful conditions for forming such emulsions. In the case 
of sensitizing a silver iodide photographic emulsion, therefore, it is difficult to 
attain a desirably high sensitizing effect by simply applying known sensitizing 
techniques. & 
Moreover, unlike ordinary mixed silver halide particles which have a 
crystalline structure like that of rock salt, silver halide particles containing more 
than 30 mole / Q of silver iodide and are said to have a wurtzite structure or a zinc 
blende structure, so that it is im possible to form silver halide particles with a silver 
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iSihJLf 0 " 46 ? 1 30 % havin . 8 a rock salt str "ct"re by any conventional 

method employed for preparing mixed silver halide particles. This is true even if 
the molar ratio of the iodine ions used is increased 
S rfev^nm,??'' th A P h ° t ? se ) nsi . tiv e characteristics, for instance, sensitivity, ease of 

o«nfi? pmen l and , P art | cu 'arly the spectral sensitization of a silver halide 
mnrlfiS5v g ^° Ve O f mole t ^ Preferably more than 40 mole %, of silver iodide is 
markedly different from that of other conventional mixed silver halides 
. (il J " s ., a silver -halide photographic emulsion containing at least 30 mole % 
silver iodide is endowed with only a minor spectral sensitivity by the use of a 

10 hESKEK met h hine tyP f dye " Whic !* j $ in « en « al effective «Z seS^iti^ng a silver 

r*\i j h0 f ««phic emulsion containing less than 30 mole % silver iodide. For 
example, 3,3'-diethyI benzoxamonomethine bromide dye, 3,3'-diethyl benzoxa- 

„h ( P r P 9Pyl)tl 2 m ? thlne cvan,n e hydroxide show this effect; and the use of 
15 S *£T H n ^V± C • a se H«t zing effect to a silver iodobromide emulsion 
result ,n a decrease m the sensitivity of a silver iodide photographic emulsion 
An object of this invention is to provide a silver halide photosensitive 
^ 1CaSt 30 m ° ,e % " Si ' Ver ^ide.whichKprv'el 

20 A photosensitive silver halide composition according to the invention 

ZSKTT-F" 0 * ° P hotos ensit ve silver halide of which at lealt 30 mole % wS 
e?ain^ wh.Vh f PeC v a " y s ,f nsi t ,z,n S dye adsorbed on the surface of the silver haUde 
grains, which sensitizing dye has an oxidation potential not exceeding 1.00 volt and; 

It &2 Mvo^S WhJfi^? " itS oxidation P°i entia l a "d its reduction potential of 
at least 2.00 volts (these values are expressed to two places of decimals). 

at I JS % P n mnu n v c V ? S,,V ? r ^ hd ^ com P°sitjon of this invention which contains 
at least 30 mole / 0 silver iodide has much improved stability as compared to 
™E P « rn°. n ! con . ta ™ng other mixed silver halide particles so that it is useful not 
only as (i) a gelatino photosensitive emulsion which forms images by a usual liquid 
wh^fe g P r . ocedur l« but as (ii) a heat-developable photosensitive element 
W hA?i f9rmS imageS by a thermal developing procedure, and as (iii) a print-out 
photosensitive element which is directly recorded by radiation 

3 he Primary feature of this invention resides in the use of the aforesaid 
sensitizing dye of the aforesaid potentials. . aioresaia 

35 n*„ 2 h ° r< r duction Potential (Ered value) and the oxidation potential fEox valued 
can be easily measured by those skilled in the art. The method of ^measurement k 
lS be » v nd «P orted ? Prions literature and reports, eg ^ ^ f NaturSn 

40 S iS h h ^K CO r l 954 ' and "^graphic Techni^ oyt Meite? 

published by Interscience Publishers Co 1965 ' y L * Me ites, 

th~ JlS E?X va /" e defi n« the electric potential at which an electron is eiected at 

A series of Ered and Eox values measured will permit the correction nf an « 
nZSuTl" a m aximum f approximately 100.miIKv33du? tc >the ^fnfluence^f 

60 quid-to-hquid contact electric potential, imperfections in the correct or f of thl 

liquid resistance of the sample solution, hindrance by the "effect. of thl L?n«£ 
SJSSlf ta ??lfe B °J dye Concentration y Such deviation mafa sS be 

«m«i J ' . by takmg ¥ - d 'ethyl thiacarbocyanine perchlorate asTltandard 

65 Sired " ° enSUre the re P roducibi »ty of the value of the pSuSfit to be 
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The dye used in accordance with the present invention must have an Eox 
value not exceeding 1.00 volts and have a difference between the Eox and Ered 
values at least 2.00 volts, and should preferably fall inside the region designated 
"zone I" shown in Figure 1 of the accompanying drawings, which is a graph of 
5 oxidation and reduction potentials showing regions which are referred to as zones 
I, II and III according to the values of Eox and Ered in volts. 

A preferred minimum Eox value is more than 0.00 volt, and a preferred 
maximum Ered value is 3.00 volts. 

The sensitizing dyes used in the present invention are most preferably 
10 sensitizing non-methine or (poly) methine dyes, i.e. one without any methine 

bridge between the two halves of the molecule or with more than one methine 
group in such bridge and especially cyanine dyes, which are usually merocyanine 
dyes or hemicyanine dyes. Many Examples of such dyes are given in the aforesaid 
"The Theory of the Photographic Process" at pp. 201—232 (the section: "Cyanine 
15 and Related Dyes"). 

Preferred classes of such sensitizing dyes used in the present invention are 
: those represented by the following general formulae (I), (II) and (III). 
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General Formula I: 



10 



20 ln . the above general formula (I): 

Z and Z l ? a ? h re P re sent the atoms necessary to form a five- or six- membered 20 
nitrogen-containing heterocyclic nucleus, oxazole, naphthoxazole, thiazole, benz- 
thiazole selenazole, naphthoselenazole, imidazole, benzimidazole, naphtho- 
lmidazole, Py«a»ne, indolenine and quinoline nuclei, which may be substituted 
25 Preferred examples of heterocyclic nuclei containing Z 1 or Z 1 are oxazole 

(6 g Phfnylbenzoxazoles (e g., 5-phenyl benzoxazole), halogenobenzoxa- 25 
I i^r„f M 5 ; ch,or °benzoxazoIe or 5-bromobehzoxazole), alkylbenzoxazoles (e.g. 
tj\ y l J 5 - m . eth y ,benz oxazole), alkoxybenzoxazoles (e.g., 5-methoxybenzoxa- 
^l a , ) ;i 1 h c y f rOXyber l Z K OXaZo1 ^ (c fL' 5-hydroxybenzoxazole), alkoxycarbonylben- 
30 7 < e -g-. methoxycarbonyl benzoxazole), carboxybenzoxazole, naphthoxa- 

zoles, (eg . 6,7-dihydroxy-naphthoxazoIe), indolenines (e.g. 1,1 dimethyl 30 
ndolenine), thiazole nuclei e.g., halogenobenzothiazoles (e g., 5-chlorobenzo- 
nhSSi-^i r enZ °? ia ^° le ? S°*'\ 5-methylbenzothiazole), n'aphthothiazoles, 
* « 3 (? f " 5 -P^nylth,azole) alkoxythiazoles (e.g., 5-methoxythiazole) 
selenazole nuclei (e.g benzoselenazole, alkylbenzoselenazoles (e.g., 5-methyl- 
Ha7^t ^" azol e), naphthoselenazole), imidazole nuclei, e.g., cyanobenzimi- 35 
dazoles (e.g 5-cyanobenzimidazole), trifluoromethylbenzimidazoles (e.g 5- 
tnfluoromethylbenzimidazole), halogenobenzimidazoles (e.g., 5,6-dichlorobenz- 
IC!!^k ' . 5 -!" fluoro 7 cth y l ; 6 -chJorobenzimidazole), benzimidazole, alkoxycar- 
t^LiH^ 1 ? 1413 ? 0168 ( f *• 5 jmethpxycarbonyl benzimidazole), alkyl sulphamoyl 
fcn^ m te eS / eg '< 5 " met t yl , SuIpham °y 1 benzimidazole), morpholinosulpho- 40 
benzimidazole (e.g 5-morphohnosulpho-6-chloro-benzimidazole)r alkylcarbam- 
olylbenzimidazoles (e.g., 5-methyl carbamoyl benzimidazole), naphthoimidazole 
6-methot^ (B *» ^W^™ 1 ™) and alkoxyquinolines (e.g.! 

f«r jzjli *!L d V ea ^ re P rese nts an optionally substituted methine group, 45 
for example those methine groups substituted with an alkyl group (e.g., methyl 

^L%ro?lXAlu^ n at ° m (C g - Ch,0rine) ' -alko P xy ( g foup (el' 
50 TheSk^;;^^ 50 
SvH y r l oxv f . , fh° b | Utyl 'K an ^ d may be substituted alkyl such as hydroxyafkyl group^ (e P g ! 
Sm^vW n h >*W»thj!>. carboxyalkyl groups (e.g., 3-ca/boxypropyl Ir 
°*y but y >• sulphoalkyl groups (e.g., sulphopropyl or 4-sufpbooGtyl), 
sulphoalkoxyalkyl groups (e.g., 2-(3-sulphopropoxy)et£yl or 2-[2-(3-sulpho- 
55 propoxy)ethoxy]ethy ), aminoalkyl groups (e g., sulphopropyl aminoethyl or 55 
dimethyl aminoethvl). aralkyl groups wherein the aryl moiety contamsTbenzene 
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rlrhnS; 8 '; ^ n , Zy ' ° r /': mefh y 1 behzyl), cyanoalkyl groups (e.g., cyano-propyl) 

SXorfe fo'i" "* SUl " l,< "' Me " «"yl -lph.tt) or mia.r.f.cid ifaf S 

like L^^Sarsar " ° °' ' ** * ' """" "» ^ ">™ * >«">"*- 
General formula If: 



is J 



In the above general formula (II): 
wotSnSra^ fi T ,« ^""embenm nitrogen- 

an^t^^ (e ' 6 ' ^^WctrbonyT imidazole), 

for X™ P r eS % n !l- h ^ a i° ms needed . *P form a ketomethylene-heterocyclic nucleus 
^S&^$ 0hydant0m nUC,ei ' Canine nuclei and 4-oxo!SwoxXl> 

in generalTrmu^a)' SUbStitUtcd a,kyI or «™P. 35 was defined for R> and R> 
for L V L^lf^ ffiffge*? jj^^ -thine group as claimed 
General formula III 




In the above general formula (III): 
T . ? represents the atoms needed to form a benzene ring or naphthalene rinc 
The imidazole nucleus formed therewith may be, for example, hafoeenobenzimT 
dazo e (e.g 5,6-dichlorobenzimidazole), cyanobenzimidazo k T e % ; 
benzim.dazoe), alkoxycarbonyl benzimidazole (e.g., 5-methoxycarbonvl 
oeSiSet naphth ° imidaZ ° l * ° r W™*™™^ (e.^S^hydrox^ 

K r nd of arc J ea ? h . °P tional, y substituted alkyl groups or aryl groups, as was 
defined tor R* and R 1 in general formula (I). 

w h,3„ re A Pr -? CntS a , diva,ent gf GU P. an d typically includes, for example = N — A 
wherein A is an aryl group wherein the aryl moiety contains a benzene ring, 



R* 

/ 

= C 
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wlierein R and R is each a cyano group, alkyl carbony! group or alkoxycarbonyl 
group whereiathe alkyl moiety preferably has 1—4 carbon atoms (e.g., methoxv 
carbonyl or ethoxy carbonyl), five and/or six membered nitrogen-containine 
heterocyclic nuclei usually contained in cyanine dyes (e.g., benzimidazole or 
benzothiazole), an aryl group wherein the aryl moiety contains a benzene ring 
(e.g., phenyl or aminophenyl) or a cyano group, n is 0, 1 or 2. 

Examples of 27 specific dyes employed as sensitizers in this invention are 
shown hereinbelow together with their respective Ered and Eox values 



C2H5 



/C =CH-C-CH-C Ne 



(CH 2 )3S0 3 N4 



Eox 



£ret» 

Volt e 0a w Volt 
-1-274- 3 0-878 



C2H5 



T I % 

(CH 2 ) 3 S03NCC2H5)3 . (CHp) 3 S0 3 
-J-231 0903 




Ct 
\ 

Ct 




I' | 

\ 0 

X— CH=CH-CH=C . 

I .* f 

(CH 2 CH 2 q) 2 C 3 H 6 SO 3 0 (CH2CH 2 0) 2 C3H6S03Na 

-1492 0519 




1 
F3C 




C2H5 



C2H5 

\ / 

C— CH=CH— CH«=C 
N N 

(CH 2 )3SO 3 0 CcH 2 ) 3 S03Na 

-1591 0-514 




CF3 



NC 




m ( 

\ : ; 

C-CH=CH-CH=c' 
C 2 H5 



: 2 h 5 



N 




I 



CN 

C2H5 
•1-440 0-G05 
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^C— CH=CH-CH=C^ 

(CH 2 ) 3 SO 3 0 - <jL 2 ) 3 S0 3 Na 

-f-47J 0-634 
EH; CJJ^CHj C 2 H 5 

C=CH-CH=CH-^ 

| f • « 

CH 3 (CH 2 ) 3 S0f 
-t-306 0-8 IB 
M Cifc^ C2H5 

\=CH-CH=CH-C 

I " T ' 

C«3 (CH 2 ) 3 S0 3 
-1-330 0-760 



m C2H5 






I 

£— CH-CH=-CH— " 




C-=CH-CH=CH— C , 

cf 3 - y y " N ct 

C2H5 CCH 2 )3S0 3 3 
-)-3f7 0-834 
C 2 ffc 

c=ch— ci#=c/f — q: 





CI 



(fcH 2 ) 3 S0f 
-f-4lfi 0-637 



H3C, 

XT 





ch — kejl 

C2H5 6^)3 Sof 



N 

0 



-1144 0-973 
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H 3 C 




ch— c: 



C 2 H 5 




C2H5 



-t /3S 100 



ct 



C2H5 




>=CH-CH=C ■ C- 



)3S0 3 Na 0 . C2H5 



-1-827 0-4IB 
Z»5 




707 0-498 



CF 3 




C 2 H 5 

\ A 

,c=ch— cH=e- c=s 

3 S0 3 Na * 

— f -813 0-392 



(At) 



tot 



ei, 



cr 



?2H 5 



CH3 




C 2 H 5 



C=CH— CH=r x c=s 
<T N C 2 H 5 



•1-796 0 199 



ZH CH 3 
I 

A A. 
{ C=Cfl-CH=C / X 0— S 

V >-< 

I u 0 CH2CH2CH3 

C2 H 5 

-1-679 0-518 
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CH3 
I 




I 

CH3 



0 c 2 H5 



-f-856 0-33 4 



>/ / — X 

I 0^ C 2 H S 

4 0 -1-532 0-633 



v w 

-1-524 0-765 

H5C2— «Q-( s 



-1-780 0 530 




XXNI 



-1-707 0*458 
S 



C 2 H 5 



/ N C 2 H 5 



-1-570 0 556 




ct 



s 

C 2 H S 0 C *"5 



C2H5 



-1-446 0-672 




> 



p— CH— CH=C H — CH«= N 



N 
I 

C2H5 



-1-557 . 0-903 
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-I. 818 0 667 




CO.CH3 



;C=CH-CH=C— CO - CO2H5 



-J- 780 0 594 
TABLE 1 



Dye 


Ered 
(volt) 


I Eox 
(volt) 


Dye a) Anhy4ro.5 f 5'-diphenyl-3,3'- " 

disulphopropylbenzoxa-9-ethyl 
trimethine hydroxide 


-1.274 


0.878. 


Dye (a) 3,3 '-diethyl benzoxa-mono methine bromide 


-1.700 


1.494 


Dye (b) 3,3'-diethylbenzoxa-pentamethine iodide 


-1.010 


0.647 


Dye (c) Anhydro(6-methyM-ethyl- 

2-quinoline)-5-ethoxycarbonyl- 
3rsuiphobutyl monomethine hydroxide 


-1.215 


1.131 


Dye (d) Anhydro-3-(sulphopropyI)-4 5 4'-5'- 
dibenzothia-9-ethyl-3 '-sulphopropyl 
trimethine cyanine hydroxide 


-1.211 


0.591 


Dye(e) Phenosafranine 


-0.658 


1.460 



^^^J!SJS^\S^^ »ow spectra, sensitivity, and 
extremely high spectral sensSy Y at *"* °" the ° ther hand - dve W gives 

sensiSfeS rfSSfhSg 5& B SSBS n « ° f ^ C m %<*™™ of spectral 
iodide. We have found ! thlt P t£ dv« , ? n C lffi g i m0re th ?" ¥>™° l * % <* si,ver 
increased sensitivity independfnS of whSei" ft™ 6 1 ° f Flg J 1 ,S ive hi g h,v 
combination with a supersensS whether the y are used alone or in 



silver^KomooS *• nature of the 

silver iodide; it comprises "feast 3C ^^7^°^' S 'l? r C ^ lorobromoiodidc or 
1 er iodide particles m ° ,e /o ' P refer ably at least 40 mole %, of 

The silver iodide oarti c , cs may have incorporated therewith a minor quantity 
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T.hH? metaJ1, 1 c . c °mpounds, such as salts of Group lb metals of the Periodic 
table (e.g., a gold salt or copper salt), salts of Group lib metals (e.g., a mercury or 
cadmium salt), salts of Group III metals (e.g., a thallium salt), slits of Group V 
metals (e.g., a tin or lead salt) and salts of Group VIII metals (e.g., a palladium, 
indium or platinum salt) It is preferred to use these metal compound(s) in an 
amount of from 10"' to 10"' mole based on 1 mole of Ag of the silver halide. 
nr J ?i f a x ItS may be W ! tn ' fo f examp'e, a mineral acid (e.g., metal chloride 

£iir??» sulphate) or a complex salt with, for example, an alkali metal ion, an 
^.i" 1 earth metal ion or an ammonium ion (e.g., octahedral metal complex 
groups as anions), such as zinc chloride, cadmium chloride, gold chloride 
S™ sulphate thallium sulphate sodium hexahalogeno ruthtnate, sodium 
pfaUnate pal adate * sodmm hexahalogeno iridate and sodium hexahalogeno 
r • The grain size of the silver halide(s) used in this invention is not particularly 
limited, but a particularly preferred grain size is within the range of from 0.005 a to 
0.8 a m diameter (measured by the "projected area" method). The silver halves 
used can however be either coarse grains or fine grains 

Due to the relatively small solubility of silver iodide particles, the rate of 
crystal growth is so slow that they tend to cause cohesion or agglomeration of the 
BSSfelS? 11 ^"eeessary to employ special methods for preparing the silver 
iodide emulsion. Examples of such methods are as follows- » 

lodkff^5!^^T. k,di ^ SUCh 25 amm0nia ' ^ an eXCCSS of P^-m 
rhi«5^A!t lat i in ' baSed P*°j°6*apliic emulsion containing silver bromide or silver 

^L^^C 10165 ' ? r miJ ^ d - sll Y. er haIide Particles thereof, can be subjected to 
conversion by reacting with iodine ions. ujcvicu io 

„„i m V* su . lta ble organic silver salt (such as silver behenate, silver stearate, silver 
palmitate silver myristate, silver laurate, silver benzotriazoie, silver salicylate or 
silver phthalazmone) is firstly dispersed, if desired, in a binder (e e polyvinyl 
butyral and polyvinyl pyrrolidine), and then an iodide compound such as 
ammonium iodide, mercury iodide or cadmium iodide is added thereto to prepare 
nrl?ri n , » d h ,d f t P H h0t0 , SenS i t I ive emulsion. This third method is extreme^ usSfor 
preparing heat-developable photosensitive material (as described below), which 

agent * S,mP * adding l ° the resultan t emulsion a "suitable reducing 

o« n tf^ U ? hI ^ , i. S - ,V J !r ° r silver salt ^Posited on the surface of a suitable support is 
contacted with iodine gas so as to form silver iodide particles on the support The 
^ZSg£Z&S^ WUh a ,ayCr ° f 3 -itable P binder (see below? KrTa 
follow 6 photosensitive s i ,v er halide elements of the invention may be prepared as 

The sensitizing dye may be added to the photosensitive silver halide emulsion 
fll S a water-soluble organic solvent such as methanol, ethanol, butanol, 
ketones, pyridine or an alkoxy ethanol. ' H 

The sensitizing dye may be directly added in Finely divided form to the 
S» and dissolved in the colloidal binder of the emulsion (by which it is 
»AA nt f. th ?u StlVeT hahde) ; A'ternatively, the sensitizing organic compound 
Z*j£r ilfh 1° th t era "ls>on after being dissolved in water or an organic solvent 
h P !f «rL lth a P rot ° n donor silver ions or other metallic ions. Examples of the 
best organic solvents used are methanol, ethanol, pyridine, butanol dimethvl 
sulphoxide or 2-methoxy ethanol. The most preferred proton donors aVe Sera 
or organic acids such as hydrochloric acid, sulphuric acid, methyl sulphonate 

SSJSmJS Ph ° nate K r P erch i°. ric aeid. Examples of the other Smc ions afe 
noble metal ions such as gold ions and mercury ions. 

am^V,™. 0 ,!? 6 W vt n .i he J proton source °r silve r ion is present in a sufficient 
FnS • he u f W n h c the , dy /A a c o m Plex salt or adduct is formed therebetween. 
5« ? I m-i' Wh ? n °- 5 . mI - °f ai . N - ^rogen chloride solution is added to 100 ml 

having thl^:.rwr n g m foS: SO,Ut,0n ° f **' *** b ^ a COmplex salt 
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CH2CH=CH 2 




. — CH=CH— CH2-C^ 
'N N 



CH 2 CH=CH 2 
N. ^ -CI 



PCX" 

1 ct 



., Accordingly there results the same condition of adsorption (of the d v< - ^ 
silver halide) as if a methanol solution of the dye III was added thereto Y 9 

formed ,n the resultant solut.on a complex ion having the blowing formula! 



NS C=CH-CH=(/ 



Ago 



\ 
C 2 H 5 



of siSSr 5 n ion iS tk 0 kei S ^^if™^** Photographic emulsion, dissociation 

■into 5 tt d e b Si P o r „ e . Pared " emU,Si ° n in an am0Unt «^£S*£££& 

he^n 1 J«« e i™!i 1?in8 d y?, ma ,y 3180 be added to the silver, halide emulsion after it has 
been dissolved m an oil solvent and the resultant oily solution dispersed into the 
emulsion as minute oily globules, the size of which cL be SiSg^SSA 

c„^h^ n ™^ hcr . te . chnia - u< : ^ hi ? h has been commonly employed for the addition of 
employed * ge,at,n - based silver «alide photographic emulsion may be 

Various protective colloids which have been known and widelv userf in 
conventional photosensitive silver halide materials may be "Jed aTwnSer in th£ 

Se^ 

naiiae element of this invention include gelatin and gelatin derivatives Ce a thnVr 
described m our copending Patent Application- ferial ' No f 1 396 970 fe the 
a ^"P rodu * °f g^atin with aromatfc or alfphat c acid Tannydridls htio^n 
atom-containing compounds, isocyanates, N-acryl vinyl sulnhonamide fo? 
2 ;£ a ated g^'atin, acetylated gelatin, geLlr 

f,? & -'ft? n f benzen , e sulphonate, gelatin trimellitate, gelatin benzoate gelatin 
sulpho-phthalate or gelatin succinate), and water soluble synthe^c poTm^rs such 
%p% y Z7s\fc£?' P ° ,yVinyl t>y™ M °™> Polyvinyl me^hyrmXcS^d. 

organpnve^ 
ace'^ 

m^^SST* ™ y be USed in ^nation wfth ^/mer latTcTs and 

The emulsion usually contains 0.0001 to 3.0 moles of silver halide ner inn 

ofTva'r etv 'of'kSwn" "Z^™* '"I 1 *™ in this inventi °" ™ ^ also clfntain iny 
or a variety of known additives, such as materials capable of imDrovine Dhotn 
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The emulsion is then coated on a support; typical support materials generally 
employed in this invention include, for example, cellulose acetate, cellulose 
nitrate, polyvinyl acetal, polystyrene, polyethylene tereph thai ate, polycarbonates 
paper (including baryta paper and resin-laminated papers), synthetic paper and 
metal sheets; dyes or pigments may be included in the support 

A preferred embodiment of the invention will now be described at length 
namely the heat-developable element mentioned previously. These elements 

h«n£" nN*??^ ° n a su PP? rt ' i l h an or g an . ic s « v er salt, (2) a light-sensitive silver 
halide (3) a reducing agent and (4) a sensitizing dye as hereinbefore disclosed 

The organic silver salts used in the heat-developable element are not 
particularly limited so long as, of course, they function in the heat-developable 
SfiriE"!!? V t mat r enal ° f the present invention to provide an image of sufficient 
JTv^ y , a i^°5S r f erred , are ' howev «. «lver salts of organic carboxylic acids and 
2S£ tL heterocyclic compounds containing an imino group or mercapto 
5? k P V- most ,P refc . r red silver salts of organic carboxylic acids are those of 
aliphatic carboxylic acids having more than 10 carbon atoms in the chain 

Specific examples of such organic silver salts used in this embodiment are 
si ver salts of aliphatic carboxylic acids such as silver laurate, silver myristate 
silver palm.tate silver stearate and silver behenate, silver caprate, as weU a the 
nteii?* ° f benzot " az l . ol I e . the silver salt of saccharin, the silver salt of 
phthalazinone, silver phthalate, silver terephthalate and silver salicylate These 
organic silver salts are relatively stable to light and, when exposed to light are 
reduced by a reducing agent upon heating by the catalytic action of a silver halide! 

L VCr ' maSC - Pre [ crred or g anic silver salts as may be used in the present 
invention have sausage-shaped particles where the overall length is 0.01—5 
microns preferably 0.1— 1 micron, and the thickness or diameter (measured 
normal to the overal length) is 0.0001-0.5 microns, preferably O.OOS^.Tmfcrons 
I he organic silver salts may however, be substantially spherical, preferably having 
a diameter of 0.01 to 5 microns, more preferably 0.1 to 1 micron 

The amount of the organic silver salt used in this embodiment is that 
necessary to provide an image of sufficient density. The visual acuity of users will 
vary greatly but in general from 0.2 to 3 g/m*. calculated as silver, should be 
applied to the support. Preferably, to provide a safety factor, at least 0 4 g/m 1 is 
used, but seldom will more than 2 g/m* be used. Above 3 g/m l costs are increased 
without any substantial benefit in image density. mcreasea 
~* ^ S *if reduc j n g. agent of this embodiment, any compound capable of 

of SeS ^, e ilvS a hIrH Sllver *l h t0 g ?% a Silver ima g e wnen heated in the presence 
f ex P°f, e i d ^ l T^ ha I lde u Can be use f for exam P' e . substituted phenols, substituted 
^nhfh^c st !* ut ed bisphenols substituted or unsubstituteS bisnaphthols or 
naphthols, di- or higher poly- hydroxybenzenes such as hydroquinone derivatives 
ascorbic acid and its derivatives, di- or higher poly-naptohalenses and KJ- 
P n y ^° hd0 H neS * f 1 r ins t?nce including hydroquinone mono ethers, ascorbic acid or 
EIh™ X C i arb ° XyllC ac J d - esters Df ^corbie acid, reducing sugar, 5-hydroxy-2- 
hydroxymethyl-p-pyrone 4-isopropyltropolones, substituted or unsubstituted 1- 
aryl-3-pyrazohdones, which can be alkyl (C t — C 8 ), alkoxy (C,— C.) nhenvl 
subSed mm0 ' a,kv, - substituted amino (C.-C,), which may be acetyl Jr nitro 

„hi Sp k eC i fic exa mples of such materials are: hydroquinone, methylhydroquinone 
chlorohydroqu.none, brpmohydroquinone, phenylhydroquinone, hydroquinone 
? ^ u 'Phonate r-octylhydroquinone, /-butylhydroquinone, 2,5-dimethylhydro- 
2 Tf^'vT' k dim f h y , hydroquinone , methoxyhydroquinone, ethoxyhydroquinone, 
^^MnPr^^ 0 '' ^ ethox yP he >? 01 . hydroquinone m on obenzyl ether, catechol 
pyrogallol, resorcinol, />-aminophenol, o-aminophenol, N-methyl-D-aminophenol 

/>-r-butylphenol />-/-amylphenol, />-cresoI, 2,6-di-r-butyl-p-cresol, p-acetophendl 
P iZ*J ] ?u* n0 \ °-P hen y'Phenol 1,4-dimethoxyphenol, 3,4-xyIenoI, 2,4-zyleno 
2,6-d methoxyphenol l-amino-2-naphthol-6-sulphonic acid sodium silt 1- 
^nS^^l^^A^}^ l-hydrpxy-4-methoxy-naphthalene, l-hydroxy-4- 
ethoxy-naphthalene, 1 ,4-dihydroxynaphthalene, 1 ,3-dihydroxy-naphthalene, 1- 

methoxvnanhthalene. 1-hvHrovJ' 




. , , ' , ■ , — ,.•",*, -•■«j*"*"»/-'>» -uiiia^mjri, o,o -uinuro-z,/ -ainyaroxv- 
1,1 -binaphthyl, bis(2-hydroxy-l-naphthyl)methane, bisphenol A I \-bi&A. 

hydroxy-3,5-dimethylphenyl)-3,5.5-trimethylhexan e , 2,4,4-trimethylpentyl-bis^(2- 
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Kho y ' t f 'P^^Omethane bus - (2-hydroxy-3-r-butyl-5-m ethyl phenyl)-) 

h i l' , , b : s ^ 2 : h y d [P x y-. 3 . ,5 - dl ^ l ? ut y 1 P hen y | ) melhane . M^methylerie-bis-n- 
methyl-S^butylpheno ) , 4,4'-methylenebis-(2,6-di-»-butylphenol), 2,2'-methylene- 
bis - (2-f-butyl-4-ethylphenol), 2,6-melhylenebis-(2-hydroxy-3-/-butvl-2'-methvl 
«riH ny i ) a 1" nie l ! hylp ^ no1, ^^•^S'-'et^-butyl^^-dihydroxy-biphenyl l-asco"rbic 

(at le£ 30 23te9bM^^ light-sensitive silver halide 

the sImelTefc y raW^00 8 l h \;% n ^^ P rese , nt for f °™ing 

■MM 

pris^e^e S^r^S^S«i£2; C '° 6 °° Q Under atmOS <> heric 
emboHim^nu Jeat-developable llghY-sensitive composition used in some 
embodiments of the mvention there may be incorporated any binder which is 
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ordinarily hydrophobic, but hydrophilic binders can also be used. The binders arc 
transparent or semitransparent, for example, natural materials such as gelatin, 
gelatin derivatives and cellulose derivatives, and synthetic polymeric substances 
such as polyvinyl compounds and acrylamide polymers. Other synthetic polymer 
5 compounds used are dispersed vinyl compounds of the latex type. 5 

Moreover, desirable high molecular weight materials and resins include 
polyvinyl butyral, cellulose acetate butyrate, poly methyl methacrylate, polyvinyl 
pyrroiidone, ethyl cellulose, polystyrene, polyvinyl chloride/ cellulose propionate, 
cellulose nitrate, phthalated geltain, polyvinyl acetate, polyvinylidene chloride, 
10 polyvinyl formal chlorinated rubber, polyisobutylene, butadiene-styrene 10 

copolymers, vinyl chloride-vinyl acetate copolymers, vinyl acetate-vinyl chloride- 
maleic acid copolymers and polyvinyl alcohol. The weight ratio of the binder to 
the organic silver salt is preferably 4 to 1 to 1 to 4 parts. 

Any material can be used as- the support member of the heat-developable 
15 light-sensitive material of the invention; typical supports are cellulose nitrate films, 15 

cellulose ester films, polyvinyl acetal) films, polystyrene films, polyethylene 
terephthalate films, polycarbonate films, resnious materials, glass, paper and 
metals. The only limitation on the support member is that it not be excessively 
degraded during the exposure or heat development steps nor, of course, be 
20 composed of a material which would adversely affect the light-sensitive elements. 20 

The thickness of the heat-developable light-sensitive layer can vary greatly in 
the present invention, but generally speaking, thicknesses of from 1 micron to 15 
microns, more preferably 3 microns to 10 microns, are used in combination with 
an overcoat layer having a thickness of from 1 micron to 20 microns, more 
25 preferably 2 microns to 10 microns. 3 25 

The heat-developable light-sensitive material used for the practice of the 
invention can be provided with an anti-static layer or an electrically conductive 
layer. Moreover, an antihalation substance or antihalation dye can be 
incorporated in the light sensitive layer. It is preferred that the sensitive layer be 
30 overcoated with a polymer layer, preferably of a polymer which withstands 30 

temperatures above 1 15°F is colourless and is soluble in an organic solvent used to 
form the overcoating layer as claimed in our copending application No. 21993/73 
(Ser. No. 1,387,541). 

The heat-developable light-sensitive material according to the invention may 
35 further contain a matting agent such as starch, titanium dioxide, zinc oxide or 35 

silica, and a brightening agent of the stilbene type, triazine type, oxazole type or 
coumarin type. 

The heat-developable light-sensitive layer according to the invention can be 
coated by various coating methods, for example, an immersion method, an air- 
40 knife method, a curtain coating method and an extrusion coating method using a 40 

hopper as described in U.S. Patent 2,681,294. If desired, two or more layers can 
simultaneously be coated. 

Furthermore, optical sensitizing dyes may be used in the elements of the 
invention so as to impart light-sensitivity thereto. Optical sensitization is ordinarily 
45 carried out, for example, by adding a sensitizing dye in the form of a solution or 45 

dispersion in an organic solvent. As such optical sensitizers, hemicyanine, cyanine 
and merocyanine dyes are usually used. 

A latent image formed by exposing the above-mentioned elements of the 
heat-developable light-sensitive material to a light source such as a xenon lamp, 
50 tungsten lamp or mercury lamp can be developed merely by heating the elements. 50 

In embodiments of the invention, a latent image in the elements of the exposed 
heat-developable light-sensitive material may be developed by heating at 100° to 
!60°C until the desired image is developed. The developing temperature is 
preferably 110° to 140°C. Within the broad temperature range, a higher 
55 temperature or lower temperature may optionally be used by shortening or 55 

lengthening the heating time. A developed and stabilized image is ordinarily 
obtained in 1 to 60 seconds. The heating of the above-mentioned elements can be 
carried out by any suitable method such as by contacting the elements with a 
simple heating plate, contacting them with a heating drum, passing them through a 
gQ heating space or subjecting them to high-frequency heating. *q 

Detailed procedures for preparing typical silver iodide photosensitive 
elements used in this invention will be given in the following examples: 
Preparation Example 1: 

(A) Twelve grams of gelatin and 32 g of potassium iodide are weighed and 
65 dissolved in 160 ml of water to give Solution 1. 40 g of silver nitrate are dissolved in ^ 
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80 ml of water to give Solution 2. 39 g of potassium iodide are dissolved in 80 ml of 
water to give Solution 3. While maintaining Solution I at 65°C, solutions 2 a^a 3 
d£neS ^'^"f ° Ver 20 minUteS -, After rj P enin 8 the resultam ilver halfde 

ssa^^^s^ washed with water - thus a 5 

(B) The procedure for preparing Emulsion A is repeated except that an aaueous 
solution containing 33.6 g of potassium bromide and 31 2 e of notaLiiim 

10 obtained " 8 ° ml ° f ^ S USed inStead ° f SoWnlSS^ul.ton^ 10 

ifv fe 2 ?nl,?t f inn la i tin i a 5 d 'V ?of sodium chloride arc dissolved in 560 ml of waterto 
folntfoi ? 78 Ll 9 Jf ° f nitrate are dissolved in 520 ml of water to give 

3 im o }f wf °- sodlu ™ chl ° r » d <r are dissolved in 320 ml of water to give Solution 
15 3. 200 g of potassium iodide are dissolved in 500 ml of water to give Solution 4 To 
Solution 1 maintained at 40°C, there are simultaneously addend, with serine 
«ffi° a n „ S H 2 ,t nd 3l ^ ftet ri ? enin 8. th P e ™ktui« at 45°C for one minute, Solutki^ 4 Is 
added and the resultant mrxture is further ripened for another 20 minutes To the 

forlMS^ ? 5 6 °l P ° Wde , ry ge ^ in is added and the mixtSrT ripened again 
20 m 3 l m ! eS ' Aft !, r SettUlg and washin S with water > Emulsion C is obtainfd 

SiL L m Procedure is employed as for preparing Emulsion A, except that the 

.K?aaon"£ampfc 2 h : ° rtened t0 ° ne minutc; thus there is obtained Emulsion D 

*u To a solution of lOgofbehenicacidin 100 ml of «-butvI acetate Ci-nt at in^ 

weight solution of polyvinyl butyral in isooroDanol To In I nf il» I 3 J. 5 ^ b ^ 

The invention will be more fully explained by the following Examples, 
ic OIL* EXAMPLE 1. 

r a f,Mif°t nt T m8 a g,Ve ? amount of a d * e » shown i" Table 1 To eac i of thl 

(sod h.m sS U o ri S Sll^ rt Cd 20 . m ' ? f t 2 W , e ight % so,ution of a hardener 
^soaium salt ot l,4-dichloro-6-hydro.\ytnazine) and a coating aid f20 ml of a l 

weight % solution of sodium nonylbenzene sulphonate). The solution so ^bSined 

Ifte ^rviTJ 51 ^ a . C n U, °^ P"?* mm to a gating °lhickneT S ofl 31 
After drying, a sample fi n of the photosensitive material was obtained 

exDoLd ?hmf,ah W a aS CU V nt .° Str !f S and sub J' ec ted to asensitometry test by being 
exposed through an optical wedge to a tungsten light source having a colour 

btT^Pho^F 2 ? 54 ^ th ^ Ugh a No " K " 12 y eIlow fi, t er or a BPBbYulfilter sold 
by Fuji Photo Film Co.; The exposure details were ID00 lux for 10 sec V- 

wateT^XI? ^^^ff&^'^SS^ ^ 
ES 

Anhydrous sodium sulphite on f 

Hydroquinone g | 

Sodium carbonate monohydrate 52 5 I 

Potassium bromide * i | D0 

Water to make , 000 J 

-nufecu^ an S-type densitometer 

characteristic cuWwe re obtained deterr ™e their densities, from which 

The results are given in Table 2 60 

65 
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EXAMPLE 2. ^~ 
The procedure of Example 1 was repeated except that 1 kg of gelatin-silver 
lodobromide Emulsion B (iodine content: 97 mole %; average particle diameter 
me f, U ,n e n d x by P F °J e 9 led area: 06 * pAg: 5.4; silver halide/binder ratio: 0.45 
mole/100 g) was used as the photosensitive emulsion. The results are given in Table 
3 with the dyes and amounts used. 



17 



EXAMPLE 3. 

The procedure of Example 1 was repeated except that 1 kg of gelatin-silver 
lodobromide Emulsion C (iodine content: 95 mole %; average particle size- 0 2u 
pAg: 7.31; silver halide/binder ratio: 0.45 mole/100 g) was used as the 
photosensitive emulsion. The results are given in Table 4 with the dyes and 
arpounts used. J 



EXAMPLE 4. 

« coJ° L a solutlon of 6 g of benzotriazole in 100 mi of tricresyl phosphate kept at 
15 C there was dropwise added 100 ml of 1 mole % aqueous solution at 0°C of an 
AgNOj-ammonia complex. The complex salt was a silver amine complex which 
could be written as Ag(NH 3 ) 2 N0 3 . The thus-obtained silver benzotriazole was 
washed with water and acetone, then dispersed in 120 g of a 15°,; by weight 
solution of poly vinyl butyral in isopropanol, using a ball mill. The thus-obtained 
silver benzotriazole had a spindle-like or sausage shape with an overall length 
(along the major axis) of approximately 3 p and a minor axis length of 
approximately 0.04 p. 6 

A liquid coating composition was prepared by adding to 40 g of the above 
silver salt dispersion the following components at room temperature over 20 
minutes: 



10 



15 



20 



25 



30 



35 



40 



45 





Sample A 


Sample B 


Ascorbic acid monopalmitate 


2 g 


2g 


2-Methoxy ethanol 


8 ml 


8 ml 


NH 4 I (8.5% by weight solution 
in methanol) 


1 ml 


1 ml 


Dye XIII (tf.2% by weight solution 
in methanol) 


nil 


2 ml 


2-Mercapto-3,4-methylthiazoie 
(2% by weight solution in 
2-methoxy ethanol) 


1 ml 


1 ml 



The above coating composition was applied to a polyethylene terephthalate 
support in such an amount that the coated film carried 1.2 g of silver per square 
metre. It was then dried at 50°C for 30 minutes. »4«*re 

The thus coated, dried film was further top-coated with a 15° tetrahvdro- 

aZa S J? lu *$n°r an 85 L 15 by J? ,8h i vinyI chI o™le-vinyl acetate copolymer, then 
dried at 50°C for an hour. The thus obtained heat-developable photosenstive 
material was exposed with a tungsten lamp at an exposure of 250,000 lux through a 
toned negative pattern, and then thermally developed by heating at 130°C for 30 
seconds. As a result of this exposure test, Sample A gave only a dim positive image, 
while Sample B gave a high-contrast, deeply toned clear positive image 

The spectrogram obtained from Sample A is given as Curve 19 of Fie 18 and 
that of Sample B as Curve 20 of Fig. 18. As is seen from t^^SS^S^ 
(i f * l ab °" 1 . 425 nm < but Sample B gave a spectrally sensitized peak at 

about 520 nm in addition to a peak at about 425 nrnf 

EXAMPLE 5. 

To a solution of 1 1 g of lauric acid in 100 ml or«-butyl acetate kept at 10°C 
there was dropwise added 100 ml of an aqueous solution of 20.5 g of Hg(NO,) 2 
which had been acidified to a pH of 2 with nitric acid. The resultant solution was 
A Ur L,A r comb, " ed Wlth 50 ml of a I mole % solution of an ammoniacal complex of 
AgNO, as in Example 4 to prepare silver laurate. The silver laurate was washed 
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with water and methanol and then dispersed in 120 g of 15% by weicht solution or 
polyvinyl butyral in isopropanol. The silver laurate was in the fornTof globules of 
an approximate diameter of 0.1 fx, 

A liquid coating composition was prepared by adding 20 c of the silver laurate 
dispersion to the following composition at room temperature over 20 minutes* 





Sample A 


Sample B 


NHJ (3.2% by weight solution in methanol) 


1 ml 


1 ml 


Dye I (0.1% by weight solution in methanol) 


nil 


1 mi 


Phthalazinone (25% by weight solution in 
2-methoxy-ethanol ) 


1 ml 


1 mi 


p-Phenyl phenol (70% by weight solution 
in 2-methoxy-ethanoi) 


2 ml 


2 ml 



According to the procedure of Example 5, Samples A and B were exposed, 
heated and developed to give positive images. 

The spectrogram obtained from Sample A is given as Curve 23 of Fig. 20 and 
that of Sample B is given as Curve 24 of Fig. 20. It will be noted that Sample A 

a boT425 a Sm! ^ SampIe B haS peaks at both about 575 ni ™ n * 
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A polyethylene terephthalate film was coated with the above coatina 
composition so that the coated film carried 1.0 g of silver per square metre, and 
was then dried at 50°C for 30 minutes. The coated and dried film was further top- 
coated with a 15% solution in tetrahydrofuran of an 85:15 by weight vinyl chloride- 
vinyl acetate copolymer and was further dried at 50°C for one hour. 
*u u thus -<> btaine ^ heat-developable photosensitive material was exposed 
S", 3 toned negative patterned to a tungsten lamp, at an exposure dosage of 
250,000 lux then thermally developed by heating at I20°C for 20 seconds. Sample 
A gave only^a blurred positive image, whereas Sample B gave a high contrast, 
deeply toned, clear positive image. 

The spectrogram obtained from Sample A is given as Curve 21 in Fig 19 and 
that of sample B is given as curve 22 in Fig. 19. According to the spectrograms, 
Sample A had a peak at about 425 nm, but Sample B showed a spectrally sensitized 
20 peak at about 545 nm in addition to the one at about 425 nm. 

. . EXAMPLE 6. 

To a solution of 5.7 g of behenic acid in 100 ml of //-butyl acetate kept at 60°C 
there was dropwise added 100 ml of an aqueous solution of 0.17 g of Hg(NO,), 
which had been adjusted to a pH of 2 with nitric acid. The resultant solution was 
25 further combined with 50 ml of 1 mole % aqueous solution of an ammoniacal 25 

complex salt of AgN0 3 (as in Example 4) to prepare silver behenate. After the 
silver behenate was washed with water, toluene and acetone, it was dispersed in 40 
g of a 15 weight . 0 solution of polyvinyl butyral in isopropanol, using a ball mill. 
1 he silver behenate had the form of globules of an approximate diameter of 0 3u 
A liquid coating composition was prepared by adding the following 
composition to 20 g of the silver behenate dispersion at room temperature over 20 
minutes. 

Sample A Sample B 

NH 4 I (3,2% by weight solution in methanol) 1 ml 1 ml 

Dye XIX (0.2% by weight solution in chloroform) nil 1 ml 

Phthalazinone (2.2% by weight solution in 

2-methoxy-ethanol) l rnl 1 ml 

l,l-Bis(2-hydroxy-3,5-dimethyIphenyl)- 
3,5,5-trimnhyl hexane (107r by weight 

solution in acetone) 10 ml 10 ml 
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I L. 



™™£ in 5' ? nd 21 eac h. represents the atoms needed to form a five- or six 
red """opri-containing heterocyclic nucleus, L«, L* and V Act reoresente 

^Vd^he^^ruE C,aimed iR C,aim 2 ° r 3 ' ^ n the 



en) 



wherein Z 3 represents the atoms needed to form a five- or six-membered nitrn^n 
S'„ n8 h h f rOCyC . 1C nU f eUS ' Z / re P r «ents the atoms needed tofo^K 
M an^ ?" e " he i erOCyc,,C nuc,eus - R is an optionally substituted alkyl or aryl erouo 
6 A SS reprc .?? nts an optionally substituted methine group.and K 0 or l' 



R* 

/ 

=C 
\ 

R 7 



mtrogen-conta.n.ng heterocyclic nucleus, benzene^ontJiSSiil^ST'^S 



10 



c=4ch-ch^=w Cm) 15 

r .. 

: ; 

^^ re i f i z ' represents the atoms needed to form a benzene ring or naohthalene 
7. A photosensitive composition as claimed in Claim 4 wherein 71 72 

.ndofenine and quinohne nuclei, which may be substituted ' pynd,ne « 

D3 «i A Photosensitive composition as claimed in Claim 4, 5 or 6 wherein R« R 2 

A photosensitive composition as claimed in Claim 6, wherein W is the 
group n =N-aryl wherem the aryl moiety contains a benzene ring 
group P hotosensit 've composition as claimed in Claim 6, wherein W is the 
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1 1. A photosensitive composition as claimed in anv precedinn claim, wherein 
the dye has a maximum reduction potential of 3.00 volts. 

12. A photosensitive composition as claimed in any precedinc claim, wherein 
the dye is any of 27 dyes designated I to XX VII of the formulae shown 

5 hereinbefore. 5 

13. A photosensitive composition as claimed in any preceding claim, wherein 
the sensitizing dye is present in an amount of I x 10""* to 1 x I0~ ! mole per mole of 
silver halide. 

14. A photosensitive composition as claimed in any preceding claim, wherein 

10 the halide contains at least 40 mole % of silver iodide. 10 

15. A photosensitive composition as claimed in any of Claims 1 to 14, in the 
form of a photographic silver halide emulsion. 

16. A photographic emulsion as claimed in Claim 15 wherein the silver halide 
grains have a diameter of 0.005 to 0.8 micron. 

15 A photographic emulsion as claimed in Claim 15 or 16, wherein the 15 

emulsion also contains a compound of a metal of Group lb, lib, III, V or VIII of 
the Periodic Table. 

18. A photographic emulsion as claimed in Claim 17, wherein the metal 
compound is present in an amount of 10" 1 to 10~ 3 moles per mole of silver of the 
20 silver halide. 20 
. 1 9 - A photographic emulsion as claimed in any of Claims 1 5 to 1 7, wherein the 
silver halide is held in a binder which serveaas a protective colloid and which is 
gelatin, a derivative of gelatin, or a water-soluble synthetic polymer. 

20. A photographic emulsion as claimed in any preceding claim, which has 
25 been prepared substantially as hereinbefore described in Preparation Example 1 or 25 

21 A photographic emulsion as claimed in Claim 15, substantially as 
hereinbefore described with reference to any cf the samples of Examples 1 to 3 
wherein Dye I is used. 

30 22. A photographic emulsion as claimed in any of Claims 15 to 21 wherein the m 

sensitizing dye has been added directly to the silver halide emulsion. 

23. A photographic emulsion as claimed in any of Claims 15 to 22 wherein the 

sensitizing dye has been added to the emulsion whilst dissolved in an organic 

solvent together with a proton donor or a metal ion. 
35 A Photographic emulsion as claimed in any of Claims 1 5 to 2 1 wherein the « 

sensitizing dye has been added to the emulsion in the form of globules of a solution 

in an oily solvent. 

25. A photographic element which comprises a layer of a photosensitive silver 
halide emulsion as claimed in any of Claims 15 to 24 coated on a support. 
^ 26. A heat-developable photosensitive material comprising, coated on a ^ 

support, a layer of (1) an organic silver salt, (2) a light-sensitive silver halide as 
defined in Claim 1, (3) a reducing agent and (4) a sensitizing dye as defined in any 
of Claims 1 to 13. 

27. A heat-developable material as claimed in Claim 26, wherein the organic 

silver salt (1) is a silver salt of an organic carboxylic acid or of a heterocyclic *e 
HD compound containing a mercapto or imino group. " 43 

28. A heat-developable material as claimed in Claim 27 or 28, wherein the salt 
is a silver salt of an aliphatic carboxylic acid having more than 10 carbon atoms in 
the chain. 

29. A heat-developable light-sensiti"e material as claimed in Claim 27 or 28, 

*J whenn the organic silver salt is a silver salt of benzotriazole, saccharin or 30 
phthalazinone. 

30. A heat-developable light-sensitive material as claimed in any of Claims 25 
to 29, wherein the silver halide (2) has been prepared by reacting in the 
composition the organic silver salt (1) with an organic or inorganic halide. 

53 L 31 .A heat-developable light-sensitive material as claimed in Claim 30. 55 

wherein the reaction is with an inorganic halide of the formula MXn, where X is 
halogen at least 30 mole % of which is iodide, n is the valence of M, and M is 
hydrogen, ammonium or a metal. 

32. A heat-developable light-sensitive material as claimed in any of Claims 26 ^ 
o0 to 31, wherein the amount of organic silver salt calculated as silver per square *0 

metre of support is from 0.2 to 3 grams. 

33. A heat-developable light-sensitive material as claimed in any of Claims 26 
to 32, wherein the silver halide or halide present for forming the silver halide is 
present in an amount of from 0.001 mole to 0.5 mole per mole of the organic silver 

65 salt, the reducing agent is present in an amount of from 0.01 mole to 5 moles per 65 
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1.422,057 25 



4?Uo 0 | -4 6 ° rganiC Silversa,t ' and the we, '8ht ratioof binder to organic silver salt is 

Examples 4 to 6, wherein one of Dyes I to XXVII is used. P 
10 a nh^i P n h CeSS , forming a photograph which comprises imagewise exposing , n 

15 ob'Sd matenaI at a tem P erature ° f I00 ° to 160° until a visibk ? image"! 

38. Sheets bearing visible images formed by the process of Claim 36 or 37. 
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